to the surface (δ < 10 nm), the colloid was actually able to focus more than 50% of the total power emitted, possibly because the colloid is able to support a higher mode density. Materials & Methods
Geometric Optics Calculation
For configurations where the radius of the colloidal lens is much greater than the distance d from the lens to the photon source, as is the case for a micron-sized lens and a nanometersized chemical linker, the light ray exit angle from the colloidal lens is given by
where n 2 is the index of refraction of the colloid, n 1 is the index of refraction of the environment, θ is the angle of incidence, and
is the exit angle (12). Equation (1) 
Through the Objective TIR Microscope Setup
The same Nikon TE-2000S inverted microscope was used for through the objective TIR. A diodepumped 532 nm laser (CrystaLaser) was coupled into single mode fiber with a free-space fiber launch system (Thor Labs). The fiber directed the excitation light into the microscope through a commercial TIRF attachment (Nikon) that allowed for steering and focusing of the beam. The excitation and emission light was filtered using a Cy3 filter cube (HQ535/50x, Q565LP, HQ610/75m, Chroma) and directed to the sample through a Nikon PlanApo 60X immersion objective. The laser power coming out of the tip of the objective was ~3 mW.
Emitted light was collected through the same objective and focused onto the Photometrics Cascade II EM-CCD.
Prism TIR Microscope
The Nikon TE 
Template construction
The DNA template was constructed through the stepwise enzymatic ligation of four separate synthetic oligonucleotides (Table S1 , Integrated DNA Technologies and Operon). In A pre-heated solution containing the thermophillic polymerase (Therminator, New England Biolabs), Thermopol buffer (New England Biolabs), 300 µM dNTPs and 7 mM ascorbic acid was quickly added to the pre-heated flowcell, which was then sealed with quick-drying epoxy to prevent evaporation. The flowcell was immediately placed on the prism TIR microscope and images were collected with a 20X 0.5 NA air objective at 3 Hz with a Photometrics Cascade II EMCCD.
Image Analysis
Custom software was written in MATLAB to automatically identify and track the XY coordinates of single molecules using a previously published particle tracking algorithm (1) . A 3x3 pixel grid surrounding each molecule was integrated and the 5x5 pixel perimeter was used as to estimate the background. Raw and smoothed net intensity counts for each trajectory were then plotted and manually analyzed. Steps were identified and distinguished from gradual non-stepped growth using a custom MATLAB step-fitting algorithm (2). This algorithm generates 'S-values' which are a measure for the quality of a step-fit for a given number of steps over an entire trajectory, and the maximum value of S should correspond to the best fit. For noisy trajectories, step trains containing a slight excess of steps were chosen to ensure that all true steps were included. Some trajectories were scored as having multiple distinct pauses using this algorithm. A few others were not scored because there was no clear maximum S value; any S chosen yielded steps that were within the RMS noise. Dwell times were calculated as the time between steps. Synthesis rates were calculated by measuring the trajectory slope between the mean intensities of two consecutive pauses or a pause and full extension. 
SUPPLEMENTARY INFORMATION

Calibration curve
The template sequence has a Pyr-G-C motif in the middle of the hairpin (highlighted in Fig. S6) that is known to cause Pol I(KF) to pause (3). Pauses during single molecule replication are identified as steps in the trajectory. The average pause intensity gives information about the FRET efficiency which is correlated with the pause motif at +16 bp. The maximum observed intensity corresponds to the lowest FRET efficiency which corresponds to the fully unzipped hairpin. From the single pause step trajectories, the average intensities at positions +16 and +33 of the templates sequence were 540 a.u. and 1110 a.u., respectively (Fig. S7) . From these two values we created a calibration curve between the fluorescence intensity and the position of the polymerase along the DNA sequence. The FRET efficiency E is given by:
where I DA is the measured intensity of the donor in the presence of the acceptor and I D is the measured intensity of donor in the absence of the acceptor (ie. when the two fluorophores are far away). The FRET efficiency as a function of the donor-to-acceptor distance R is given by:
where R 0 is the Forster radius or the distance at which energy transfer is 50% efficient.
By combining Equations (1) and (2) By fitting the two experimentally derived data points to Equation (3) we obtained I D = 1117 a.u. and R 0 = 16.5 bp. Using this equation we were able to convert arbitrary intensities to base pairs and we calculated rates by measuring the slopes of the trajectories between two steady states.
Field of View Advantages
Many single molecule experiments require the observation of many molecules and/or events to generate good statistics for analysis. To this end, it is advantageous to maximize the field of view for simultaneous monitoring of as many molecules as possible. One way to do this is to change the objective: the physical imaging area increases by a factor of 9 when switching from a 60x to a 20x objective. The single molecule density is ultimately limited by the diameter of the colloidal lens, but colloids have the advantage of being able to be quickly self-assembled into well-ordered hexagonal arrays. For example, if 2 mm colloids are hexagonally packed and each colloid is coupled to a a single molecule, ~26,000 molecules are visible in a field of view (300 mm x 300 mm) with a 20X 0.5 NA objective. In comparison, a 60X 1.45 NA objective can image a field of view (100 mm x 100 mm) containing at best ~13,000 randomly deposited resolvable molecules.
Chemistry Optimization
Developing a robust and covalent surface chemistry appropriate for high temperature measurements required two challenges to be overcome. First, the DNA had to be covalently attached to the surface and prevented from lying flat on the surface to keep it available for replication. Based on the FDTD simulations, the fluorescence molecule had to be located within 50 nm of the colloid to give the maximum fluorescence signal. It was therefore important to design the template such that the fluorophore remained close to the surface for maximum excitation while being located within the focal region of the colloid. Second, passivation of the coverslip surface was necessary to prevent the non-specific adsorption of the template and to repel the negatively charged colloids. This helped provide access for the DNA polymerase to efficiently incorporate nucleotides. The use of a PEG linger covalently linked to DNA-hairpin allows the control of DNA-hairpin orientation which makes it accessible for hybridization with the primer decorated colloids. The probe density also must be adjusted in order not to have maximum steric hindrance that can prevent hybridization efficiency.
